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Diabetes and mortality in patients with COVID-19: Are we 
missing the link?

Introduction

The coronavirus disease 2019 (COVID-19) outbreak was the 
first pandemic of the 21st century, and healthcare systems around 
the world are struggling to cope with this emergency (1). 
Understanding which patients are at higher risk of severe infection 
and complications is a priority, both to optimize resource allocation 
and to develop specific tailored management strategies.

Patients affected by diabetes seem to be at increased risk of 
poor outcomes following COVID-19 infection (1–3). In a large 
observational study in China, the mortality rate of patients with 
diabetes was three times higher than that of nondiabetics. A 
recent meta-analysis showed a two-fold risk in terms of mortal-
ity, severity, and progression to acute respiratory distress syn-
drome in patients with diabetes affected by COVID-19 (2, 3).

Many potential mechanisms of adverse outcomes in patients 
with diabetes with COVID-19 infection have been hypothesized 
(4). However, the pathobiological link between diabetes and the 
severity of the COVID-19 disease course remains unclear (4, 5). 
Although the association of diabetes with COVID-19 mortality 

has been proven independently from several disease predictors, 
including the burden of cardiovascular risk factors, whether it is 
also independent from the actual presence and extent of athero-
sclerosis remains unsettled.

Non-cardiosynchronized chest computed tomography (CT), 
frequently essential among patients with COVID-19, allows the 
acquisition of multiple abnormalities, including interstitial lung 
involvement, pleuro-pericardial effusion, and cardiovascular 
calcifications.

Research design
We assessed the interaction between cardiovascular ath-

erosclerotic disease burden and type II diabetes in 1,656 con-
secutive patients hospitalized for COVID-19 who underwent 
chest CT for assessment of pneumonia severity from the Italian 
multicenter registry SCORE-COVID (Calcium Score for COVID-19 
Risk Evaluation). The type I diabetes population was excluded 
because it represented a small number of patients and a poten-
tial confounding factor in the analysis. CT scans were acquired 
during the most critical phase of the pandemic in Italy (between 
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March 2020 and April 2020) across 16 second- and third-level 
hospitals (Table 1).

Methods

The burden of cardiovascular atherosclerotic disease was 
defined by the volume of calcifications involving the thoracic 
cardiovascular system, including coronary arteries, aortic valve, 
and thoracic aorta. It was quantified on the CT exam by an 
operator blinded to clinical data. The portion of lung volume 
involved in the inflammatory process was also quantified. The 
primary endpoint was in-hospital mortality. Unpaired t-test was 
used for comparisons of continuous variables, and chi-square 
test was used for categorical variables. Kaplan-Meier estimates 
were performed to evaluate cumulative in-hospital mortality 
rates at follow-up. The interaction of atherosclerotic disease 
burden with diabetes was then tested with a multivariate Cox 
proportional hazards model, also including age, sex, creatinine, 
and pneumonia lung involvement.

Results

Baseline characteristics stratified by diabetes status are 
presented in Table 1. The prevalence of diabetes was 19.3% 
among hospitalized patients with COVID-19, consistent with 
previous reports (1). Patients with diabetes were older (1) (71±11 
vs. 66±14 years, p=0.001) and had a higher burden of cardiovas-
cular risk factors and atherosclerotic disease [coronary artery 
calcium (CAC) volume: 643±1,158 mm3 vs. 257±634 mm3, p=0.001]. 
Greater lung involvement at the chest CT was also observed 
(aerated lung volume: 2,244±1,286 mm3 vs. 2,465±1,444 mm3, 
p=0.012).

Patients with diabetes experienced a higher incidence of 
stroke (5.6% vs. 2.1%, p=0.010) and acute coronary syndromes 
(3.4% vs. 1.1%, p=0.022) but no difference in peripheral arterial 

embolization and pulmonary embolism incidence (6.2% vs. 5.6%, 
p=0.730). Diabetics were also more frequently admitted to inten-
sive care unit (ICU) (57.7% vs. 45.8%, p=0.001), although with 
similar intubation occurrence (11.9 vs. 12.3%, p=0.480) com-
pared with nondiabetic patients.

In-hospital mortality was significantly higher in diabetics 
[30.4 vs. 20.1%, p=0.001; unadjusted hazard ratio (HR): 1.61, 95% 
confidence interval (CI): 1.28–2.04, log-rank=0.001; Fig. 1]. In 
multivariate analysis (Table 2), diabetes was not associated with 
in-hospital mortality (HR: 1.141, 95% CI: 0.869–1.498, p=0.343), 
whereas the calcification volume was a significant outcome 
predictor (HR: 1, 95% CI: 1.000–1.001, p=0.034).

Conclusions

Our findings downsize the meaning of the prognostic role of 
diabetes in patients with COVID-19. We investigated the role of 
diabetes independently from the cardiovascular risk profile 
(expressed by age, sex, creatinine, and CAC) and the extension 
of pneumonia, demonstrating a superior predictive role of the 
other variables compared with diabetes alone. 

Several studies and meta-analysis correlated diabetes with 
the severity of COVID-19 disease (5, 6), as also shown by our 
results, both in terms of overall mortality and ICU admission. 
Although diabetes remains an important factor to risk stratify 
patients with COVID-19 and to tailor specific management 
(especially when steroid therapy is needed), several implica-
tions may be derived from our findings. First, our data suggest a 
role for diabetes as a promoter of cardiovascular vulnerability, 
rather than as an independent prognostic driver. This is of par-
ticular relevance for the development of tailored treatment 
strategies in COVID-19, which should rather be directed at miti-
gating the negative impact of atherosclerotic disease rather 
than at diabetes. This hypothesis is supported by the lower 
severity of COVID-19 progress in patients with type 1 diabetes 

• In patients with coronavirus disease 2019 (COVID-19), diabe-
tes seems to represent a significant risk factor in determining 
poor outcomes. However, the mechanisms of this interaction 
need further investigations to be clarified.

• In a large registry of all-comers patients with COVID-19 
(Italian SCORE-COVID registry), cardiovascular risk burden, 
derived by computed tomography findings, and demographic 
cardiovascular risk factors appeared to have a superior 
prognostic role than diabetes.

• Patients with COVID-19 at high risk for cardiovascular bur-
den should be carefully evaluated similarly to patients with 
diabetes, considering the potential poor events demonstrat-
ed in our study cohort. Further studies need to clarify the role 
of diabetes type II in COVID-19 infection.

HIGHLIGHTS

Figure 1. Kaplan-Meier survival curve for type 2 diabetes
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Table 1. Clinical characteristics, laboratory parameters, CT findings, and outcomes of the study population compared between diabetics and 
nondiabetics

All Diabetic patients Nondiabetic patients P-value

Demographic and clinical variables

Number of patients, n (%) 1,656 319 (19.3) 1,337 (80.7) —

Age, years, mean ± SD 67.2±13 70.9±11 66.3±14 0.001

Female sex, n (%) 540 (32.6) 80 (25.1) 460 (27.8) 0.001

Hypertension, n (%) 910 (55) 241 (75.5) 669 (50) 0.001

Any type of coronary revascularization (stent or CABG), n (%) 127 (7.7) 56 (17.6) 71 (5.3) 0.001

Peripheral artery disease, n (%) 104 (6.3) 37 (11.6) 67 (5) 0.001

History of atrial fibrillation, n (%) 146 (9.2) 47 (15) 99 (7.7) 0.001

History of smoking, n (%) 81 (6.5) 23 (10.1) 58 (5.7) 0.017

Chronic lung disease, n (%) 166 (10) 42 (13.2) 124 (9.3) 0.038

History of oncological malignancy, n (%) 86 (5.2) 16 (5) 70 (5.2) 0.87

Baseline laboratory results

Hemoglobin, g/dL, mean ± SD 13.5±3.6 13±2 13.6±3.9 0.001

White blood cells, mean ± SD 9,973±4,548 10,142±4,145 9,932±4,641 0.47

Creatinine, mg/dL, mean ± SD 1.17±0.71 1.33±0.8 1.13±0.69 0.001

CRP, mg/dL, mean ± SD 15±16 14.4±13 16±17 0.15

LDH, U/L, mean ± SD 401±248 388±209 403±257 0.34

Radiologic findings

CAC, n (%) 981 (59.2) 215 (67.4) 766 (57.3) 0.001

CAC volume, m3, mean ± SD 323±763 643±1,158 257±634 0.001

Thoracic aorta calcification, n (%) 1,264 (76.3) 264 (82.8) 1,000 (74.8) 0.003

Aortic valve calcification, n (%) 698 (42.1) 177 (55.5) 521 (39) 0.001

Pleural effusion, n (%) 250 (15.6) 51 (16.7) 199 (15.3) 0.54

Pericardial effusion, n (%) 92 (5.7) 21 (6.7) 71 (5.4) 0.37

Aerated lung volume, m3, mean ± SD 2,422±1,414 2,244±1,286 2,465±1,440 0.012

Interstitial lung involvement <25, n (%) 505 (31.5) 85 (27.9) 420 (32.3) 0.13

Interstitial lung involvement 25-50, n (%) 689 (43) 132 (43.3) 557 (42.9) 0.89

Interstitial lung involvement 50-75, n (%) 319 (19.9) 69 (22.6) 250 (19.2) 0.18

Interstitial lung involvement >75, n (%) 65 (4.1) 15 (4.9) 50 (3.8) 0.39

In-hospital outcomes

MACEs, n (%) 104 (11.2) 30 (16.9) 74 (9.8) 0.007

Stroke, n (%) 26 (2.8) 10 (5.6) 16 (2.1) 0.01

Peripheral arterial embolization, n (%) 11 (1.2) 3 (1.7) 8 (1.1) 0.48

Pulmonary embolism, n (%) 53 (5.7) 11 (6.2) 42 (5.6) 0.73

Acute coronary syndrome, n (%) 14 (1.5) 6 (3.4) 8 (1.1) 0.022

Intensive care utilization, n (%) 797 (48.1) 184 (57.7) 613 (45.8) 0.001

Intubation, n (%) 202 (12.2) 38 (11.9) 164 (12.3) 0.48

Intubation and fatal outcome, n (%) 58 (3.5) 12 (3.8) 46 (3.5) 0.78

Hospital mortality in patients with MACEs, n (%) 29 (3.1) 11 (6.2) 18 (2.4) 0.008

Hospital mortality, n (%) 366 (22.1) 97 (30.4) 269 (20.1) 0.001

CABG - coronary artery bypass graft; CAC - coronary artery calcium; CRP - C-reactive protein; CT - computed tomography; LDH - lactate dehydrogenase; MACE - major 
adverse cardiovascular event; SD - standard deviation
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because of an imbalance between the two types of immunity 
and cardiovascular damage gathered (1, 2, 4, 7). In contrast, 
some authors show a weak significance of this worse outcome 
[odds ratio (OR): 3.12; 95% CI: 1.0–9.75; p=0.05] and for ICU 
admission (OR: 2.72; 95% CI: 0.70–10.6; p=0.15) (8, 9). Second, 
although limited by the observational study design, our results 
compellingly suggest the potential additive role of CT-derived 
thoracic cardiovascular calcifications in the risk stratification of 
patients with COVID-19 over the clinical risk profile.

Future mechanistic studies are warranted to validate our 
findings by clarifying the pathobiological link among diabetes, 
atherosclerosis, and COVID-19 and providing a rationale for tai-
lored management strategies.
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Table 2. Cox regression analysis

Variable P-value HR

95% CI for HR

Lower Upper

Model 1

Diabetes 0.000 1.614 1.280 2.036

Model 2

Age, years 0.000 1.065 1.055 1.075

Sex 0.011 0.709 0.544 0.925

Creatinine, mg/dL 0.000 1.413 1.294 1.543

Diabetes 0.343 1.141 0.869 1.498

Interstitial lung 
involvement >50%

0.000 2.919 2.314 3.681

Coronary calcium score, 
mm3

0.034 1.000 1.000 1.001

In the first model, only the diabetes variable was considered. In the second model, 
cardiovascular (anamnestic) clinical variables were considered. The third model 
includes age, sex, creatinine, interstitial lung involvement, and coronary calcium score.
CI - confidence interval; HR - hazard ratio
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